Abstract
iron in wheat. Iron was localized in wheat by Perl's Prussian blue staining. Soluble iron 11 from digested wheat flour was measured by a ferrozine spectrophotometric assay. Iron 12 bioaccessibility was determined using an in vitro simulated peptic-pancreatic digestion, 13 followed by measurement of ferritin (a surrogate marker for iron absorption) in Caco-2 14 cells. Light microscopy revealed that iron in wheat was encapsulated in cells of the 15 aleurone layer and remained intact after in vivo digestion and passage through the 16 gastrointestinal tract. The solubility of iron in wholegrain wheat and in purified wheat 17 aleurone increased significantly after enzymatic digestion with driselase, and following 18 mechanical disruption using micro-milling. Furthermore, following in vitro simulated 19 peptic-pancreatic digestion, iron bioaccessibility, measured as ferritin formation in 20 Caco-2 cells, from micro-milled aleurone flour was significantly higher (52%) than from The aim of the current study is to determine whether the bioaccessibility of endogenous 5 iron in wheat can be increased by micro-milling of wheat products and in particular the 6 AL since it contains approximately 70% of the iron in wheat grain 8 . In essence, this 7 process employs mechanical disruption of wheat to rupture the cell walls comprising the 8 AL and thus expose the intra-cellular contents. Remarkably, particle size reduction 9 enhanced iron bioavailability from both elemental iron and iron nanocompounds 9, 10 . 10 We hypothesize that this process will increase bioaccessibility of iron from aleurone and 11 thereby enhance iron bioavailability. We propose that micro-milled aleurone could 12 provide a bioavailable source of iron for use in food fortification.
14

Materials and Methods
15
Reagents and chemicals
16
Unless otherwise stated, all the reagents and chemicals used in this study were Moisture analysis 9 Moisture content of the samples was determined according to the AOAC (1999) method. 10 Briefly, samples were weighed and placed in an oven at 100 °C overnight to dry for NaCl and 5 mM KCl) and were adjusted to pH 2.0 with HCl (1 M). During peptic digestion, 14 0.5 mL pepsin (16 mg/mL) was added and incubated at 37 °C for 75 min followed by pH 15 was adjustment to 5.5 with NaHCO3 (1 M) to stop peptic digestion. Afterwards, 2.5 mL 16 bile-pancreatin extract (8.5 mg/mL bile extract and 1.4 mg/mL pancreatin) was added 17 and pH was adjusted to 7.0 with NaHCO3 (1 M) to start pancreatin-bile digestion. The serum. For the experiment, cells were trypsinised and seeded into 6-well plates at a 5 density of 50,000 cells in 2.5 mL DMEM. Cells were incubated at 37 °C with 5% CO2 and 6 95% air for 14 days while the medium was changed every 2 days. plants. Two milliliters of enzyme solution (1 Unit/mL) was made by mixing 100 μL of 2% 8 driselase (w/v) with 1.9 mL buffer (1.33 mL of 50 mM sodium acetate and 0.57 mL of 50 9 mM acetic acid, pH 2.5). 100 mg of wholegrain wheat flour was added to 2 mL enzyme 10 solution and this was incubated at 37 °C for 6 h. The control group was incubated with 11 the buffer without driselase. After digestion, tubes were centrifuged at 3000 x g for 5 12 min and the supernatant was saved for measurement of soluble iron afterwards. (Fig 2a-e) and also in fecal 6 contents (Fig 2f) . In vitro iron solubility from aleurone samples 9 The aleurone cell walls were disrupted by enzymatic digestion with driselase (Fig 3a and   10 3b) and by micro-milling (Fig 3c and 3d) . Next we investigated whether enzymatic or 11 mechanical disruption of aleurone cells would alter bioaccessibility of iron. Following 12 driselase treatment (Fig 4a) and mechanical disruption through micro-milling there was 13 a significant increase in iron solubility in aleurone and whole wheat samples (Fig 4b) . even from fecal samples revealed encapsulated iron in intact aleurone cells (Fig 2) . This Clearly to be of use as a food fortificant the aleurone cell walls would need to be 11 disrupted to provide increased access to the iron contained within. Our first approach 12 was to use an enzymatic digest with driselase. Following a 6 h digest with driselase there 13 was a significant increase in the release of soluble iron (Fig 4a) . While this approach 14 increases iron release from aleurone cells, its use would be limited to situations where 15 pre-digested aleurone could be added as a food fortificant. We therefore also used a 16 non-enzymatic approach by mechanically distrupting aleurone through micro-milling. 9  10  11  12  13  14  15  16  17  18  19  20 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37 Values are means ± SE (n = 4)
